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A manganese(II) complex of 2,2’-bipyridine (bipy) was synthesized and characterized by X-ray diﬀraction,
IR, and UV-vis spectroscopy. The activity of the complex was tested for oxidation of benzyl alcohols
using t -BuOOH as an oxidant in organic solvents and in an organic/water biphasic system (hexane/H 2 O,
toluene/H 2 O). The eﬀect of solvent, temperature, oxidant, and some additives (KBr, N(C 4 H 9 ) Br, and
N-bromosuccinimide) on the oxidation of benzyl alcohol is reported. The results show that benzyl alcohol
was selectively converted to benzaldehyde in 71.9% yield within 4 h in acetonitrile. Control experiments
performed without catalyst and the corresponding metal salt as catalyst produced no benzaldehyde in
the reaction mixture. Mild reaction conditions, high yields of the products, short reaction time, no further
oxidation to the corresponding carboxylic acids, high selectivity, and inexpensive reagents make this catalytic
system a useful oxidation method for benzyl alcohol.
Key Words: Catalysis, oxidation, 2,2’-bipyridine, manganese, benzyl alcohol

Introduction
Selective oxidation of alcohols to the corresponding aldehydes and ketones is one of the most important functional
group transformations with signiﬁcant biological and mechanistic interest in modern organic synthesis. 1−5 The
traditional reactions are often performed with stoichiometric amounts of strong oxidants such as KMnO 4 , CrO 3 ,
and HNO 3 in environmentally undesirable solvents. 6,7 These reagents are toxic, corrosive, unstable, show no
selectivity, produce many side products, and require dangerous procedures for preparation. In terms of atom
∗ Corresponding
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eﬃciency and environmentally friendliness, after oxygen, t-BuOOH (TBHP) and H 2 O 2 (HP) are attractive
oxidants for industrial catalytic applications. 8−16 Both are desirable oxidants because they are relatively cheap
and nontoxic, and produce fewer by-products, which are easy to deal with after the reactions. Moreover, another
important concept is that ﬁnding an eﬃcient catalyst for the selective oxidation of bulk chemicals into useful
products is an interesting ﬁeld of current chemistry. 17−21 The use of transition metal complexes is an alternative
way of obtaining eﬀective and selective homogeneous catalysts. To date, although some cheap metals such as
Fe, Cu, Cr, Co, and Mn have been developed on the liquid-phase oxidation of benzyl alcohol, the studies mainly
focus on expensive metals, such as Ru, Mo, V, W, Pd, or Pd–Ag. 22−40 As well as being expensive, these metals
are toxic. Therefore, economical and more eﬃcient alternative catalysts are still desirable. Many catalytic
studies in recent years showed that manganese complexes can exhibit a diversity of catalytic oxidation reactions
on organic substrates in organic solvents. 41−44 Much eﬀort has been exerted to develop manganese catalysts
for oxidation reactions since they are inexpensive and less toxic than other transition metal complexes.
On the basis of the above considerations, in this work, we synthesized a complex of manganese(II) with
2,2’-bipyridine and characterized its structure. The complex was successfully applied as catalyst precursor for
the oxidation of benzyl alcohol to its corresponding aldehyde by using TBHP as an oxygen source under mild
conditions in acetonitrile.

Experimental
Materials and methods
All chemicals were purchased from Aldrich and were used as received. FT-IR spectra of compounds were
recorded on a Jasco FT/IR-300 E spectrophotometer. The products obtained from the catalytic reaction were
determined using a Thermo Finnigan Trace GC/GC-MS using a Permabond SE-54-DF-0.25 25 m × 0.32 mm
ID column attached to a ﬂame ionization detector with He as carrier gas.

Catalyst synthesis
A mixture of Mn(ClO 4 )2 .6(H 2 O) (0.100 g, 0.387 mmol) with bipy (1.394 g, 0.774 mmol) in the molar ratio 1:2
and methanol (30 mL) was placed in a Schlenk vessel (50 mL). The mixture was reﬂuxed for 4 h. The resulting
solution was allowed to stand in air and crystals of the title complex were deposited after a week (color: green,
mp 320

◦

C, 0.91 g, yield 90%). FTIR (KBr pellet,

max /cm

−1

): 1599 (s), 1756 (m), 1494 (w), 1476 (s), 1441

(s), 1321 (m), 1138 (s), 1048 (w), 1029 (s), 919 (s) 764 (s), 737 (m) 652 (w) 630 (s), 624 (s). UV-vis ( max /nm):
207, 244, 294 (in methanol).

Catalytic tests
Experiments were carried out in a thermostated glass reactor equipped with a condenser and stirrer. Solution
of benzyl alcohol and catalyst in acetonitrile was puriﬁed with nitrogen to remove the oxygen. The crystals of
the manganese complex were used as catalyst in all catalytic experiments. A mixture of benzyl alcohol (9.6
× 10 −4 mol, 0.1 mL), catalyst (8.34 × 10 −6 mol, 5 mg), and acetonitrile (15.0 mL) was stirred in a 50 mL
glass reactor for a few minutes at room temperature. The oxidant t-BuOOH (1.42 × 10 −2 mol, 2 mL) was
then added and the reaction mixture was stirred for the desired time. After certain time intervals, samples
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(0.5 mL) were taken. Each sample was injected in the GC twice, 1 μL each time. Formation of products and
consumption of substrates were monitored by gas chromatography. All catalytic experiments were performed
at least twice.

General biphasic oxidation procedure
In a typical experiment, a solution of oxidant (1.42 × 10 −2 mol, 2 mL) in H 2 O (5 mL) at room temperature
was added to a solution of alcohol (9.6 × 10 −4 mol, 0.1 mL) and complex (8.34 × 10 −6 mol, 5 mg) in
hexane (5 mL). The biphasic mixture was stirred vigorously. The oxidation products were isolated by the phase
separation of the resulting biphasic system. The upper organic layer was removed by syringe. The water phase
was extracted with acetone. The collected acetone and the separated organic phase were combined and analyzed
by GC.

X-ray crystallography
Diﬀraction data for the compounds were collected with a Bruker SMART APEX CCD diﬀractometer equipped
with a rotation anode at 100 K using graphite monochromated Mo K radiation (0.71073 Å). SAINT, SHELXTL,
Table 1. Crystal data and structure reﬁnement for Mn(II) complex.

Empirical formula

C20 H16 Cl2 MnN4 O8

Formula weight

566.21

Temperature

100(2) K

Wavelength

0.71073 Å

Crystal system, space group
◦

Unit cell dimensions (Å, )

Monoclinic, P 21 / n
a = 8.2272(5) α = 90
b = 13.3691(9) β = 100.05(3)
c = 21.0132(14) γ = 90

Volume

2275.8(3) A−3

Z, Calculated density

4, 1.653 Mg/m3

Absorption coeﬃcient

0.871 mm−1

F(000)

1148

Theta range for data collection

1.81 to 28.38 deg.

Limiting indices

–10 <= h <=11, –17<= k<= 17, –28 <= l <= 25

Reﬂections collected/unique

31,590/5689 [R(int) = 0.0467]

Completeness to theta

28.38 99.3%

Reﬁnement method

Full-matrix least-squares on F2

Data/restraints/parameters
2

5652/0/316

Goodness-of-ﬁt on F

1.062

Final R indices [I>2sigma(I)]

R1 = 0.062, wR2 = 0.213

R indices (all data)

R1 = 0.0730, wR2 = 0.2782
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and SHELXS 97 45 were used for cell reﬁnement, data reduction and structure solving, and reﬁnement of
structure. Molecular graphics and publication materials were prepared using SHELXTL. 46 Crystallographic
data and structure reﬁnements parameters are listed in Table 1. Hydrogen atoms were added to the structure
model on calculated positions. Geometric calculations were performed with Platon. 47 The reﬁnement converged
with the residuals summarized in Table 1. The structure of 1 has been deposited at CCDC with the deposition
number 798813. The data can be obtained free of charge at www.ccdc.cam.ac.uk/data request/cif.

Results and discussion
Characterization of catalyst
The synthesis of complex is shown in Scheme 1. The X-ray analysis and spectral data conﬁrm the assigned
composition of the complex. The electronic spectrum was taken in methanol. The IR spectrum of the complex
shows that peaks revealing the presence of bipy in the complex occur at around 1599-1576 cm −1 [(C=N)
and (C=C) stretches], 1476-1048 cm −1 [(C–C) and (C–N) vibrations], and 920-737 cm −1 (aromatic C–H
deformation vibrations). In the IR spectrum, the (C=C/C=N) bands were shifted to higher wavenumbers in
the complex. 48 The strong nonsplitting absorption band of uncoordinated perchlorate anion (at about 1100
cm −1 ) is distinctly split into 2 components observed at around 1029 and 1138 cm −1 . Moreover, a strong
absorption band characteristic of uncoordinated perchlorate ion, centered at 620 cm −1 , is signiﬁcantly split into
2 (624 and 630 cm −1 ) in the spectrum of the compound. These features indicate monodentate coordination
of the perchlorate group. 49 The absorption bands in the UV region between 232 and 280 nm are assigned to
ligand-centered π → π * or n → π * transitions of the 2,2’-bipyridine ligand. Due to the d 5 conﬁguration of
Mn 2+ ion, no absorptions are expected in the visible region of the spectrum.
Mn(ClO4) 26(H2 O) + 2,2 ‘ bipyridine
-

methanol
reflux, 4 h

Mn(bipy)2 (ClO4) 2

Scheme 1. The synthesis of complex.

X-ray structure of cis-(2,2’-bipyridine- κ 2 -N,N,)bis(perchlorate)manganese(II)
The ligand 2,2’-bipyridine (bipy) and its derivatives are widely used in the construction of novel metallorganic
complexes. 50,51 Because the inter-ring C–C bond of bipy can rotate freely, bipy cannot just be considered as
a chelating ligand 52,53 , but also a potential spacer between metal centers by acting as a bridging ligand with
an anti conﬁguration to form stable polymeric complexes. 54 In addition, bipy ligand is capable of giving very
stable species in solution 55,56 due to π -back bonding from metal to the aromatic amine and also π -aromatic
systems are stabilized by stacking due to non-covalent interactions involving the π systems in solid state. 57
The molecular geometry of the title compound is illustrated in Figure 1 and crystal data listed in Table
1. The Mn(II) atom is coordinated by 4 N atoms from bidentate chelating bipy ligands and 2 oxygen atoms
from 2 perchlorate ions in an irregular octahedral geometry. The distortion is reﬂected on the cisoidal angles
[74.2 (1)-109.2 (1) ◦ ] and trans angles [156.8 (1)-169.1 (1) ◦ ]. The diﬀerences in N· · ·N bite distances (2.671 (4)
and 2.670 (4) Å) as well as the N — Mn — N bite angles (74.4 (1) and 74.2 (1) ◦ ) deviate greatly from the ideal
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angle of 90 ◦ because of the constraint geometry of the bipy ring system. 58 The average C—C (1.385 Å) and
C—N (1.344 Å) bond lengths within the rings, and the inter-ring C—C bonds (1.493 Å) are in good agreement
with those given in the literature for non-coordinated bipy. 59−61 The Mn—N bond distances (2.205-2.218 Å)
(Table 2) for the bidentate bipy ligands are close to those of similar Mn(II) complexes. 60 The 2 bipy ligands
around the Mn(II) atom are almost perpendicular to each other. The 5-membered chelating rings of Mn(II)
and bipy N atoms are considerably planar; the N1—C5—C6—N2 and N4—C15—C16—N4 torsion angles are
2.3(5) ◦ and 6.4(4) ◦ , respectively.

Figure 1. Molecular structure of Mn(II) complex.
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Table 2. Selected geometric and hydrogen-bond parameters (Å, ◦ ).

Mn1—O8
Mn1—N4
Mn1—N2
Mn1—N3
Mn1—N1
Mn1—O1
O8—Mn1—N4
O8—Mn1—N2
N4—Mn1—N2
O8—Mn1—N3
N4—Mn1—N3
D H …A
C1 H1…O7
C1 H1…O8
C14 H1…O4i
C17 H17A…O4i
C10 H10…O7ii
C3 H3…O8iii
C13 H13…O3iv
C18 H18…O6v
C19 H19…O5v
C7 H7A…O3vi

2.193 (3)
2.205 (3)
2.206 (3)
2.218 (3)
2.219 (3)
2.279 (2)
89.86 (11)
156.84 (10)
109.21 (10)
100.68 (11)
74.21 (10)
D H
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95
0.95

N2—Mn1—N3
O8—Mn1—N1
N4—Mn1—N1
N2—Mn1—N1
N3—Mn1—N1
O8—Mn1—O1
N4—Mn1—O1
N2—Mn1—O1
N3—Mn1—O1
N1—Mn1—O1
H …A
2.65
2.66
2.68
2.52
2.59
2.64
2.69
2.41
2.69
2.46

97.20 (10)
89.30 (11)
169.12 (10)
74.43 (10)
95.29 (10)
77.26 (10)
94.64 (9)
87.89 (9)
168.74 (9)
95.76 (9)
D …A
3.506(6)
3.179(46)
3.613(4)
3.465(4)
3.349(6)
3.277(5)
3.231(5)
3.238(6)
3.418(6)
3.384(4)

D H …A
149
114
166
172
136
124
116
145
133
162

Symmetry codes: (i) x + 1/2, – y + 1/2,+ z + 1/2 (ii) – x + 1/2, + y + 1/2,– z + 1/2 (iii) – x,– y,– z (iv) x – 1 /2, –
y + 1/2, + z + 1/2 (v) – x + 1/2, + y + 1/2,– z + 1/2 (vi) x – 1,+ y, + z

No classical hydrogen bonding was found in the crystal structure. Furthermore, the occurrence of C—
H· · ·O hydrogen bond interactions link the complex molecules into a 3-dimensional polymer network (Table
2). Nonclassical C bipy —H· · ·O hydrogen bonds [average C—O distance = 3.280 (9) Å] link adjacent columns
to form the resulting 3-dimensional network. The shortest Mn1 · · ·Mn1 interaction is 7.864 (8) Å. In nitrogencontaining molecules, the inductive eﬀect of neutral or charged N atoms decreases the electron density in
adjacent CH groups (C atoms) and enhances the facility with which they participate in C—H· · ·X hydrogen
bonds, being usually the shortest ones. In the present case, all C atoms participated in hydrogen bonds. The
substructure is generated by C—H· · ·O hydrogen bonds; atom C7 in the molecule acts as a hydrogen bond
donor, via H7A to atom O3 (2 + x,y,z) and atom C14 acts as a hydrogen bond donor, via H14 to atom O4
(–1/2 + x, 1/2 – y, –1/2 + z) and atom C17 in the molecule acts as hydrogen bond donor, via H17 to atom
O4 (1/2 + x, 1/2 – y, –1/2 + z), thus forming a chain running parallel to the b direction (Figure 2a). Another
substructure is generated by C—H· · ·O hydrogen bonds; atom C18 in the molecule acts as a hydrogen bond
donor, via H18, to atom O6 (–1/2 – x, –1/2 + y, 1/2 – z) and atom C19 in the molecule acts as a hydrogen
bond donor, via H19, to atom O5 (1/2 – x, –1/2 + y, 1/2 – z), thus forming a chain running parallel to the a
direction (Figure 2b). The remaining contacts involve the C atoms to N atoms whose H atoms are outer and
have been determined to be the most acidic protons on the ring. In the structure of Mn(II)-complex, there are
also relatively strong C—H· · · π interactions between neighboring bipy rings and H atoms. The shortest π · · ·H
832
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Figure 2. Part of the crystal structure of complex, showing the hydrogen bonding interactions (a) along b direction;
b) along a direction; c) C - H. . . π interactions along c direction.

distance is 3.140 Å. The C19 atom in the molecule acts as a hydrogen bond donor to the bipy ring (N1—C5),
thus forming a chain running parallel to the c direction (Figure 2c).
833
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Catalytic studies
To evaluate the catalytic eﬀect of complex, the oxidation of benzyl alcohol was carried out under diﬀerent
reaction conditions (Tables 3-6). A control experiment was done without catalyst precursor and we did not
observe any aldehyde in the reaction mixture (Table 3, entry 1). Mn(ClO 4 )2 was also examined as catalyst for
this reaction. No reaction took place and the starting material was recovered (Table 3, entry 2).
Table 3. The eﬀect of additive and catalyst on oxidation of benzyl alcohol in acetonitrile.

Entry

Additive

T (◦ C)

T (h)

1

-

b

80

4

0

-

-

-

c

80

4

0

-

-

d

80

4

49

46

12

40.9 (benzaldehyde)

4

-

e

80

4

71.9

83

21

71.9 (benzaldehyde)

5

KBr

80

4

98

113

28

29.0 (benzaldehyde)
69. 0 (benzoic acid)

6

N(C4 H9 )Br

80

4

100

115

29

99.0 (benzaldehyde)

2
3

-

Tot. conv.

a

(%)

TON

TOF (h−1 )

Products

1.0 (benzoic acid)
7

N-Bromsucc.

80

4

30.6

35

9

18.6 (benzaldehyde)
12.0 (benzoic acid)

a

Conversion was determined by GC.

b

Without catalyst

c

Mn(ClO4 )2 6H2 O as catalyst without complex

d

The molar ratio of substrate/t-BuOOH/catalyst was 230:8:1

e

The molar ratio of substrate/t-BuOOH/catalyst was 115:8:1

The inﬂuence of amount of catalyst on the oxidation of benzyl alcohol was carried out under 2 diﬀerent
sets of conditions: the molar ratio of benzyl alcohol, t-BuOOH, and the catalyst was 115:8:1 and 230:8:1 and
temperature (80 ◦ C) and time (4 h) were kept constant. The yields were reported with respect to the substrate
concentration and are illustrated in Table 3 (entries 3 and 4). At low catalyst concentration, moderate conversion
of benzyl alcohol was achieved (49%, TON = 46) with 100% aldehyde selectivity and with the double the catalyst
concentration the conversion of benzyl alcohol increased up to 71.9% (TON = 83) with aldehyde product (100%).
This may be due to the availability of more active sites of the catalyst, which favors the accessibility of a larger
number of molecules of substrates and oxidant to the catalyst.
The time dependence of the catalytic oxidation of benzyl alcohol was studied by performing the reaction
of benzyl alcohol with TBHP in the presence of 0.88 mmol catalyst at 80 ◦ C. The results are presented in
Figure 3. The initiation period was not observed. The benzyl alcohol conversion increased as the reaction time
was prolonged. Selectivity of the products did not signiﬁcantly change with increasing time.
The catalytic experiments were conducted to examine the eﬀect of cation and bromine anion with diﬀerent
additives (Table 3). In the absence of additive, the catalyst activity is moderate under similar conditions. The
addition of potassium bromide leads to a substantial increase in conversion and also completes the oxidation
processes to benzoic acid (69%) with KBr additive (Table 3, entry 5). A similar eﬀect of bromine anion was
834
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observed for the oxidation of secondary alcohols with Mn(II)(Salen) complexes. 62 In contrast to KBr, the
addition of n-Bu 4 NBr leads to completion of the reaction with 99% aldehyde selectivity without benzoic acid
formation (Table 3, entry 6). The addition of N-bromosuccinimide leads to a decrease in reaction rate (Table 3
entry 7).

Figure 3. Time dependence of benzyl alcohol oxidation.

The catalyst was also tested for the catalytic oxidation of substituted benzylic alcohols under optimized
reaction conditions. The presence of an electron-donating (3,4–dimethoxy-, 4–methoxy-benzyl alcohol) or an
electron-withdrawing (4–chloro- and 2-nitrobenzyl alcohol) group in the substrate strongly aﬀected the oxidation
reaction and in both cases did not give any oxidation product under the studied conditions.

Eﬀect of solvent, oxidant, and temperature
Generally, solvent plays an important role in the conversion and product distribution of oxidation reactions.
In order to study the eﬀect of solvents on the oxidation process, the experiments were carried out with
diﬀerent solvents (acetone, acetonitrile, ethanol, and methanol) and 2 biphasic solvent systems (hexane/H 2 O
and toluene/H 2 O) under similar reaction conditions (TBHP (1.0 mL) at 80 ◦ C) (Table 4). The selected solvent
should possess certain criteria, for example it should dissolve the substrate and oxidant and it should be stable.
As shown in Table 4, higher conversion was observed in polar aprotic solvent. In acetonitrile, among the tested
solvents, we obtained the highest conversion and achieved aldehyde as the main product with 88% selectivity
(Table 4, entry 4). Almost no reaction was observed when the polar protic solvents MeOH and EtOH were
used (Table 4, entries 1 and 2). In contrast, low conversions were obtained with low polar solvent, like acetone
(32.3%), hexane/water (21.5%), and toluene/water (24.7%) biphasic systems (Table 4, entries 5 and 6). The
higher catalytic activity in acetonitrile is attributed to the high dielectric constant of solvent. The better
solubility of substrate and oxidant in the solvent mean that the substrates and oxidant can easily approach
the active sites of the catalyst. As a consequence, in terms of activity, acetonitrile was the best solvent for the
studied catalytic system.
In order to design the best catalytic system, the eﬀect of diﬀerent oxidants such as TBHP, HP, and
molecular oxygen was examined on the reaction rate of oxidation of benzyl alcohol. In the absence of oxidant,
the reaction did not proceed. TBHP in acetonitrile medium was the most eﬃcient oxidant source to oxidize
835
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benzyl alcohol. Oxidants like HP and molecular oxygen were not eﬀective oxygen sources for our catalytic
system. The substrate-to-oxidant ratio is another important parameter inﬂuencing the results of this oxidation
reaction. The eﬀect of mole ratio of oxidant/benzyl alcohol was investigated in the range of 4-23 (Table 5).
Lower conversion of benzyl alcohol was observed with 1:4 mol ratios of benzyl alcohol/TBHP. The conversion
of benzyl alcohol increased markedly with increasing substrate-to-oxidant molar ratio. Further increases in this
ratio above 1:15 led to decreased conversion but the selectivity for aldehyde did not change. Based on the
results, the mole ratio of 1:15 was chosen as the optimal for benzyl alcohol/TBHP.
Table 4. The eﬀect of solvent on oxidation of benzyl alcohol.

◦

TON

TOF
(h−1 )

5.6

6

1.5

100

5.60 (benzaldehyde)

4

6.20

7

1.8

100

6.20 (benzaldehyde)

4

32.3

37

9.3

94

30.4 (benzaldehyde)

Entry

Solvent

T ( C)

t (h)

1

Methanol

80

4

2

Ethanol

80

3

Acetone

60

Total
conv.

Aldehyde
selectivity

(%)

Productsa

(%)

1.90 (benzoic acid)
4

Acetonitrile

80

4

60.2

69

17.3

88

52.8 (benzaldehyde)
7.40 (benzoic acid)

5

Hexane/H2 O

80

4

21.5

25

6.3

100

21.5 (benzaldehyde)

6

Toluene/ H2 O

80

4

24.7

28

7

100

24.7 (benzaldehyde)

Reaction conditions: solvent (10 mL), the molar ratio of substrate/t-BuOOH/catalyst was 115:15:1.
a

Conversion was determined by GC.
Table 5. The eﬀect of t -BuOOH on oxidation of benzyl alcohol.

Entry

Oxidant

Tot. conv. (%)

Aldehyde selectivity (%)

TON

TOF (h−1 )

Productsa

1

0.5 mL

43.4

100

49

12.3

41.8 (benzaldehyde)

2

1.0 mL

60.2

88

60

15

52.8 (benzaldehyde)

3

2.0 mL

71.9

100

83

20.8

71.9 (benzaldehyde)

4

3.0 mL

56.9

100

65

21.7

56.9 (benzaldehyde)

7.40 (benzoic acid)

−6

Reaction conditions: Catalyst (8.34 × 10

−4

mol), benzyl alcohol (9.6 × 10

mol), solvent: acetonitrile (10 mL)

◦

at 80 C, 4 h reaction time.
a

Conversion was determined by GC.

The reaction temperature has a strong inﬂuence on the progress of benzyl alcohol oxidation. The oxidation
reaction was carried out using 1:8 mol ratio of benzyl alcohol/TBHP in acetonitrile for 4 h with the range of
reaction temperatures from 40 to 80 ◦ C and the results are shown in Table 6. As expected, benzyl alcohol
conversion increased with increasing reaction temperature. The reaction was carried out by heating the reaction
mixture (80 ◦ C) for 4 h, which resulted in 71.9% conversion with 100% aldehyde selectivity (Table 6, entry 4).
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Table 6. The eﬀect of temperature on oxidation of benzyl alcohol.

Total conv. (%)

Aldehyde
selectivity (%)

TON

TOF (h−1 )

Productsa

4

53.6

100

62

15.5

53.6 (Benzaldehyde)

50

4

59.0

100

68

17

59.0 (Benzaldehyde)

3

60

4

63.9

100

73

18.3

63.9 (Benzaldehyde)

4

80

4

71.9

100

83

20.8

71.9 (Benzaldehyde)

Entry

◦

T ( C)

t (h)

1

40

2

Reaction conditions: oxidant:t-BuOOH solvent:acetonitrile (10 mL), 4 h, the molar ratio of substrate/t-BuOOH/catalyst
was 115:8:1.
a

Conversion was determined by GC.

UV-visible spectroscopy of reaction intermediates
The oxidation system was further examined by UV–vis spectroscopy in order to investigate the catalytic
mechanism for the Mn(II)-catalyzed benzyl alcohol oxidation in acetonitrile and the results are illustrated
in Figure 4. The spectrum of the complex shows absorption bands at around 294 nm and 244 nm, which
are assigned to the LMCT. 48 When the solution was treated with aqueous t-BuOOH, the LMCT absorbance
decreased with a shift to 238 nm and 285 nm, which may be due to the cleavage of an axial Mn–O bond of the

Figure 4. · · · · Spectra of complex in acetonitrile, – – – – Spectra immediately after addition of t -BuOOH, ———time evolution of spectra accompanying the oxidation of benzyl alcohol after addition of substrate.
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complex to form an intermediate. Then, when adding benzyl alcohol to the solution further, the maxima around
240 nm rapidly increased and a new absorption band centered around 216 nm developed in 5 min, implying
that benzyl alcohol interacted with this intermediate to form a new intermediate. The spectra did not change
as the reaction proceeded. We must note that there is no clear absorbance around 500-600 nm assigned to the
ligand to metal charge transfer of the high valent manganese, indicating that the Mn(V) = O should not be
responsible for the oxidation of alcohols using t-BuOOH as an oxidant.

Conclusion
In summary, we synthesized and characterized a new manganese complex, [Mn(bipy) 2 (ClO 4 )2 ], and demonstrated its catalytic activity in the selective oxidation of benzyl alcohol to aldehyde under mild homogeneous
conditions with environmentally benignt-BuOOH in acetonitrile. The high selectivity, eﬃciency, safety, and
low cost of this complex make it a good choice for oxidant of benzyl alcohol.
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16. Sheldon, R. A.; Arends, I. W. C. E.; Diksman, A. Catal. Today 2000, 57, 157-166.
17. Holm, R. H. Chem. Rev. 1987, 871, 1401-1449.
18. Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G. (Ed.), Principles and Applications of Organotransition
Metal Chemistry, University Science Books, Mill Valley, 1987.
19. Bagherzadeh, M.; Amini, M. Inorg. Chem. Commun. 2009, 12, 21-25.
20. Boghaei, D. M.; Mohebi, S. Tetrahedron 2002, 58, 5357-5366.
21. Bagherzadeh, M.; Tahsini, L.; Latiﬁ, R.; Ellern, A.; Woo, L. K. Inorg. Chim. Acta 2008, 361, 2019-2040.
22. Liotta, L. F.; Venezia, A. M.; Deganello, G.; Longo, A.; Martorana, A.; Schay, Z.; Guczi, L. Catal. Today 2001,
66, 271-276.
23. Sumathi, R.; Johnson, K.; Vishwanathan, B.; Varadarajan, T. K. Appl. Catal. A Gen. 1998, 175, 15-22.
24. Jun, C. H.; Hong, H. S.; Hun, C. W. Tetrahedron Lett. 1999, 40, 8897-8900.
25. Das, S.; Punniyamurthy, T. Tetrahedron Lett. 2003, 44, 6033-6035.
26. Gamez, P.; Arends, I. W. C. E.; Reedijk, J.; Sheldon, R. A. Chem. Commun. 2003, 19, 2414-2415.
27. Marko, I. E.; Giles, P. R.; Tsukazaki, M.; Chelle-Regnaut, I.; Gautier, A.; Brown, S. M.; Urch, C. J. J. Org. Chem.
1999, 64, 2433-2439.
28. Noureldin, N. A.; Lee, D. G. J. Org. Chem. 1982, 47, 2790-2792.
29. Murahashi, S. I.; Naota, T.; Hirai, N. J. Org. Chem. 1993, 58, 7318-7319.
30. Sato, K.; Aoki, M.; Takagi, J. Noyori, R. J. Am. Chem. Soc. 1997, 119, 12386-12837.
31. Sato, K.; Takagi, J.; Aoki, M.; Noyori, R. Tetrahedron Lett. 1998, 39, 7549-7552.
32. Betzemeier, B.; Cavazzini, M.; Quici, S.; Knochel, P. Tetrahedron Lett. 2000, 41, 4343-4346.
33. Ji, H.; Mizugaki, T.; Ebitani, K.; Kaneda, K. Tetrahedron Lett. 2002, 43, 7179-7183.
34. Steinhoﬀ, B. A.; Stahl, S. S. Org. Lett. 2002, 4, 4179-4181.
35. ten Brink, G. J.; Arends, I. W. C. E.; Sheldon, R. A. Adv. Synth. Catal. 2002, 344, 355-369.
36. Maeda, Y.; Kakiuchi, N.; Matsumura, S.; Nishimura, T.; Kawamura, T.; Uemura, S. J. Org. Chem. 2002, 67,
6718-6742.
37. Yamaguchi, K.; Mizuno, N. Chem. Eur. J. 2003, 9, 4353-4361.
38. Sharma, V. B.; Jain, S. L.; Sain, B. Tetrahedron Lett. 2003, 44, 235-3237.
39. Jeyakumar, K.; Chand, D. K. Organometal. Chem. 2006, 20, 840-844.
40. Das, R.; Chakraborty, D. Appl. Organometal. Chem. 2011, 25, 437-442.
41. Koek, J. H.; Kohlen, E. W. M. J.; Russell, S. W.; van der Wolf, L.; ter Steeg, P. F.; Hellemons, J. C. Inorg. Chim.
Acta 1999, 295, 189-199.
42. Bagherzadeh, M. Tetrahedron Lett. 2003, 44, 8943-8945.
43. Bagherzadeh, M.; Latiﬁ, R.; Tahsini, L.; Amini, M. Catal. Commun. 2008, 10, 196-200.
44. Kessissoglou, D. P. Coord. Chem. Rev. 1999, 185/186, 837-858.
45. Bruker, SMART, SAINT, SHELXTL and SADABS, Bruker AXS Inc, Madison, WI, USA, 1998.
46. Sheldrick, G. M. SHELXS97 and SHELXL97, University of Göttingen, Göttingen, Germany, 1997.

839

Synthesis, structural characterization, and benzyl alcohol..., İ. KANİ, M. KURTÇA

47. Spek, A. L. Platon-A Multipurpose Crystallographic Tool, Utrecht, Utrecht University, the Netherlands, 2005.
48. Nakamoto, K. Infrared and Raman Spectra of Inorganic and Coordination Compounds, 4th edn., Wiley-Interscience
Publication, New York, 1986.
49. Wickenden, A. E.; Krause, R. Inorg. Chem. 1965, 4, 404-407.
50. Lever, A. B. P. Comprehensive Coordination Chemistry II, Vol. 1, Oxford, Elsevier, 2003.
51. Wen, L.; Lu, Z. D.; Lin, J. G.; Tian, Z. F.; Zhu, H. Z.; Meng, Q. J. Cryst. Growth. Des. 2007, 7, 93-99.
52. Marchetti, E. F.; Pettinari, C.; Pettinari, R.; Skelton, B. W.; White, A. H. Inorg. Chim. Acta. 2007, 360, 1433-1450.
53. Sun, C. Y.; Wang, E. B.; Xiao, D. R.; An, H. Y.; Xu, L. J. Mol. Struct. 2005, 741, 149-153.
54. Yu, Y.; Wei, Y.; Broer, R.; Wu, K. Inorg. Chem. Commun. 2007, 10, 1289-1293.
55. Hung-Low, F.; Renz, A.; Klausmeyer, K. K. Polyhedron 2009, 28, 407-415.
56. Ye, B. H.; Tong, M. L.; Chen, X. M. Coord. Chem. Rev. 2005, 249, 545-565.
57 Merrit, L. L.; Schroeder, E. D. Acta Cryst. 1956, 9, 801-806.
57. Cortes, R.; Urtiaga, K.; Lezama, L.; Pizarro, J. L.; Goni, A.; Arriortua, M. I.; Rojo, T. Inorg. Chem. 1994, 33,
4009-4015.
58. Chen, X. M.; Wang, R. Q.; Xu, Z. T. Acta Crys. C 1995, 5, 820-822.
59. Chen, X. M.; Shi, K. L.; Mak, T. C. W.; Luo, B. S. Acta Cryst. C 1995, 51, 358-361.
60. Yu, X. L.; Tong, Y. X.; Chen, X. M.; Mak, T. C. W. J. Chem. Cyrst. 1997, 27, 441-444.
61. Li, Z.; Tang, Z. H.; Hu, X. X.; Xia, C. G. Chem. Eur. J. 2005, 11, 1210-1216.

840

